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Impact of Resection Status on Pattern of Failure and
Survival After Pancreaticoduodenectomy for Pancreatic
Adenocarcinoma
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Objective: To better understand the impact of a microscopically
positive margin (R1) on patterns of disease recurrence and survival
after pancreaticoduodenectomy (PD) for pancreatic adenocarcinoma.
Summary Background Data: A positive resection margin after PD
is considered to be a poor prognostic factor, and some have proposed
that an R1 margin may be a biologic predictor of more aggressive
disease. The natural history of patients treated with contemporary
multimodality therapy who underwent a positive margin PD has not
been described.

Methods: We analyzed our experience from 1990 to 2004, which
included the prospective use of a standardized system for pathologic
analysis of all PD specimens. All patients who underwent PD met
objective computed tomographic criteria for resection. Standard
pathologic evaluation of the PD specimen included permanent
section analysis of the final bile duct, pancreatic, and superior
mesenteric artery (SMA) margins. First recurrences (all sites) were
defined as local, regional, or distant. Survival and follow-up were
calculated from the date of initial histologic diagnosis to the dates of
first recurrence or death and last contact, respectively.

Results: PD was performed on 360 consecutive patients with
pancreatic adenocarcinoma. Minimum follow-up was 12 months
(median, 51.9 months). The resection margins were negative (R0) in
300 patients (83.3%) and positive (R1) in 60 (16.7%); no patients
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had macroscopically positive (R2) margins. By multivariate analysis
(MVA), high mean operative blood loss and large tumor size were
independent predictors of an R1 resection. Patients who underwent
an R1 resection had a median overall survival of 21.5 months
compared with 27.8 months in patients who underwent an RO
resection. After controlling for other variables on MV A, resection
status did not independently affect survival. By MVA, only lymph
node metastases, major perioperative complications, and blood loss
adversely affected survival.

Conclusions: There was no statistically significant difference in
patient survival or recurrence based on R status. However, this series
is unique in the incorporation of a standardized surgical technique
for the SMA dissection, the prospective use of a reproducible system
for pathologic evaluation of resection margins, the absence of R2
resections, and the frequent use of multimodality therapy.

(Ann Surg 2007;246: 52—-60)

he completeness of resection resulting from pancreati-
coduodenectomy (PD) for pancreatic adenocarcinoma,
while not part of the TNM staging system, has powerful
prognostic significance for recurrence and survival.'> Nu-
merous studies have reported that a positive margin of resec-
tion was an independent predictor of poor long-term survival
following PD for pancreatic adenocarcinoma.''! However,
most of these studies did not describe the system or technique
used for the pathologic evaluation of surgical specimens and,
therefore, margin analysis, and did not distinguish margins
that were grossly positive from those that were microscopi-
cally positive. Three categories are used as descriptors of the
presence or absence of residual tumor following surgical
resection: an RO resection is defined as a grossly complete
resection with microscopically negative margins; an R1 re-
section is defined as a grossly complete resection with mi-
croscopically positive margins; and an R2 resection is defined
as a grossly incomplete resection.'?
As defined by the American Joint Committee on Cancer
(AJCC), the soft tissue containing autonomic nerves adjacent
to the right lateral border of the proximal 3 to 4 cm of the
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superior mesenteric artery (SMA) has been referred to as the
retroperitoneal, mesenteric, or uncinate margin.'> Although
we have previously termed this margin the retroperitoneal
margin, a more anatomically precise description is the “SMA
margin.” While the pancreatic and bile duct transection mar-
gins can be reresected if intraoperative frozen section analysis
determines that they are positive, the SMA margin cannot be
reexcised, as surgeons do not typically resect the SMA when
performing PD. Therefore, the SMA margin is the margin most
commonly positive following PD.'*!3

With careful patient selection, state-of-the-art imaging,
and proper surgical technique, R2 resections can be largely
avoided. Such is not the case for R1 resections which may
occur in some patients, even when the surgeon removes all
tissue to the right of the SMA, due to the propensity for
pancreatic adenocarcinoma to extend along the perineural
autonomic plexus surrounding the SMA, beyond the extent of
palpable or visible tumor. The natural history of patients who
have a microscopically positive margin following a grossly
complete resection (R1) and who are treated with contempo-
rary multimodality therapy (chemotherapy and external-beam
radiation therapy) has not been described. Therefore, we
reviewed our institutional experience by analyzing data from
prospectively evaluated surgical specimens from patients
who underwent PD for pancreatic adenocarcinoma to further
understand the impact of a microscopically positive margin
(R1) on patterns of disease recurrence and survival.

METHODS

After approval by the Institutional Review Board, data
on all patients who underwent PD for periampullary malig-
nancies at the University of Texas M.D. Anderson Cancer
Center between July 31, 1990, and July 31, 2004, were
retrieved from a prospective pancreatic tumor database. This
analysis was limited to patients who underwent PD for
adenocarcinoma of pancreatic origin; those with invasive
intraductal papillary mucinous neoplasms and mucinous cyst-
adenocarcinomas were excluded. Patients who underwent
pancreatic resections other than PD (eg, distal pancreatec-
tomy or total pancreatectomy) were also excluded.

Preoperative evaluations included physical examina-
tion, routine laboratory testing, chest radiography, and con-
trast-enhanced, multislice computed tomography (CT). To be
considered for PD, patients were required to have radio-
graphic evidence of resectable or borderline resectable dis-
ease as defined by CT imaging. Resectable pancreatic cancer
(stage I or II) was defined as: 1) the absence of extrapancre-
atic disease; 2) no evidence of tumor extension to the SMA or
celiac axis, as defined by the presence of a tissue plane
between the tumor and these arterial structures; and 3) a
patent superior mesenteric-portal vein (SMPV) confluence.'®
The third criterion is based on the assumption that resection
and reconstruction of the superior mesenteric vein (SMV),
portal vein (PV), or SMPV confluence could be performed
when necessary.'” Over the past 3 to 4 years, we have gained
experience in the operative management of borderline resect-
able disease (subcategory of stage III), which is defined as
tumors that exhibit the following: encasement of a short seg-
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ment of the hepatic artery, without evidence of tumor exten-
sion to the celiac axis, that is amenable to resection and
reconstruction; abutment of the SMA involving =180° of the
circumference of the artery; or short-segment occlusion of the
SMV, PV, or SMPV confluence that is amenable to vascular
reconstruction because of a normal SMV below and normal
PV above the area of tumor involvement. Patients with
borderline resectable disease received preoperative chemo-
therapy and chemoradiation prior to PD."'®

PD was performed in a standard fashion, as previously
described.'* The most oncologically important part of the
operation was the final step involving division of the pancreas
and completion of the mesenteric and retroperitoneal dissec-
tion by removing all soft tissue to the right of the adventitia
of the SMA, ie, the SMA margin.'* Tangential or segmental
resection of the SMV, PV, or SMPV confluence was per-
formed when the operating surgeon could not separate the
pancreatic head and/or the uncinate process from the SMPV
confluence without leaving gross tumor on the vein or risking
a Venotomy.17

Since July 1990, a standardized system for the patho-
logic evaluation of PD specimens has been used at our
institution."® This system enabled prospective evaluation of
the status of the SMA margin of resection. The technique for
assessment of SMA margin status was the same regardless of
whether or not vascular resection was performed. Early in our
institutional experience, the SMA margin was evaluated by
microscopic examination of an en face section. Beginning in
January 2000, the SMA margin has been evaluated according
to the AJCC Cancer Staging Manual (6th edition) guidelines,
as illustrated in Figure 1.'*> The SMA margin, posterior to the

Inked margin

Pancreatic duct

Indentation of SMPV
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FIGURE 1. lllustration of a pancreaticoduodenectomy speci-
men demonstrating how the superior mesenteric artery mar-
gin should be inked at the time of permanent section patho-
logic examination. This margin cannot be retrospectively
evaluated if the margin was not inked for identification at
the time of gross inspection. SMPV, superior mesenteric-
portal vein.
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groove of the SMPV confluence, was inked and submitted in
its entirety for microscopic examination on permanent sec-
tions by sectioning the specimen perpendicular to the inked
margin. The pancreatic transection margin and the common
bile/hepatic duct transection margins were evaluated by ex-
amining a complete en face section of each margin. At the
discretion of the surgeon, these margins were often evaluated
using frozen-section analysis, and if positive, additional tis-
sue was resected. Final margins were recorded as negative
(RO) or positive (R1) for tumor. A margin was designated
“R0O” if no tumor cells were identified at all of the resection
margins. A margin was designated “R1” if tumor cells were
present at the inked SMA margin or any of the en face
sections from the aforementioned margins. SMA margins
interpreted as suspicious for carcinoma (n = 2) were also
considered positive (R1) for the purpose of this analysis.
Pancreatic transection margins with focal high-grade dyspla-
sia (PanIN 3) without invasive carcinoma were considered
negative for the purpose of this analysis.

Patient age was recorded at the time of histologic
diagnosis. Operative blood loss (in mL) was recorded from
the anesthesia record. Major postoperative complications
were defined as previously described and included perioper-
ative death (within the first 30 days following surgery or
during the original hospital stay if longer than 30 days); need
for reoperation; clinically evident pancreaticojejunal anasto-
motic leak (as defined by drain amylase >2.5 times the upper
limit of normal and fever or leukocytosis); intra-abdominal
hemorrhage; intra-abdominal fluid collection (sterile collec-
tion or abscess) requiring intervention; cardiac arrhythmia;
myocardial infarction or sudden cardiac death; pulmonary
complications, including pneumonia; gastrointestinal bleed-
ing; and sepsis syndrome.?® Of note, in the contemporary
experience at our institution, the pancreatic anastomosis was
rarely drained; therefore, only a clinically evident pancreatic
anastomotic leak, significant enough to require percutaneous
drainage, would be reported. Hospital stay was calculated by
considering the day of surgery as day 1; the day of discharge
was not counted as a hospital day.

Preoperative and/or postoperative chemotherapy and/or
chemoradiation included either protocol-based or off-proto-
col treatment. Radiation therapy was delivered using either
50.4 Gy in 28 fractions or 30 Gy in 10 fractions. Concomi-
tant chemotherapy included S5-fluorouracil, paclitaxel,
gemcitabine, or capecitabine.?'?> Chemotherapy given
before or after chemoradiation consisted of gemcitabine
alone or in combination.

Patients were followed for a minimum of 12 months
postoperatively or until death (if sooner). However, 8 pa-
tients, including 2 international patients, were lost to fol-
low-up within the 12 months following surgery but were alive
at last contact. Routine follow-up consisted of physical ex-
amination, laboratory studies, and CT imaging at 3- to
4-month intervals for the first 2 years postoperatively, at 6
month intervals for years 3 through 5, and then at yearly
intervals. The first site or sites of disease recurrence were
classified as local, regional, or distant. Local recurrence was
defined as recurrence in the region of the pancreatic bed and
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root of mesentery. Regional recurrence was defined as recur-
rence in the soft tissues or lymph nodes beyond the pancreatic
bed or within the peritoneal cavity (including ascites and/or
wound implants). Distant recurrence was defined as recur-
rence in the liver, lungs, or other distant organs. Radiographic
findings consistent with recurrent disease were considered
adequate proof of recurrence; tissue confirmation was rarely
obtained. Only first sites of recurrence were documented.

X* tests were used to compare categorical variables.
Independent ¢ tests and Mann-Whitney tests were used to
evaluate continuous variables.

The primary outcome of interest was overall survival
(OS). The secondary endpoint was pattern of recurrence. OS
and follow-up were calculated from the time of initial cyto-
logic or histologic diagnosis to date of death or last contact.
The Kaplan-Meier method was used to estimate OS.>* The
log-rank test was used to compare differences in time to event
distributions for covariates of interest. Cox proportional haz-
ards regression was performed to test the effects of potential
prognostic factors on OS. Covariates included age, gender,
tumor size, lymph node (N) status, need for reoperative PD,
presence of a major complication, amount of operative blood
loss (per 100 mL), SMA margin status, use of adjuvant
therapy (preoperative and/or postoperative), and need for
major vascular resection. Logistic regression was performed
to examine the impact of age, sex, vascular resection, tumor
size, lymph node status, and preoperative therapy on margin
status. Covariates were tested in a univariate manner. Vari-
ables that were significant on univariate analysis at P < 0.10
were included in multivariate analyses.

A P value of less than 0.05 was considered statistically
significant. All data analyses were performed with SPSS
version 12.0 software (SPSS, Inc., Chicago, IL).

RESULTS

Patient Characteristics

PD for adenocarcinoma of pancreatic origin was per-
formed in 360 (49.7%) of 724 patients who underwent PD for
a variety of histologic diagnoses during the period of this
study. There were no R2 resections recorded in the medical
records, pathology reports, or operative dictations, a function
of the objective CT criteria used at our institution to define a
potentially resectable pancreatic neoplasm and the multidis-
ciplinary approach to treatment decisions, including surgery.
Margins were histologically positive (R1) in 60 (16.7%) and
negative (R0) in 300 (83.3%) of the 360 patients. R1 resec-
tions occurred in 40 (21%) of 191 patients prior to January 1,
2000 (at which time the system for SMA margin analysis
changed; refer to Methods) and in 20 (12%) of 169 after
January 1, 2000. The SMA margin was positive in 53
(88.3%) of 60 patients with R1 resections; the remaining 7
patients (11.7%) had isolated positive pancreatic transection
margins. Among the 53 patients with positive SMA margins,
5 patients also had other positive margins: 3 positive pancre-
atic transection margins, 1 positive bile duct transection
margin, and 1 positive pancreatic and bile duct transection
margins. Tumor size data were not available in 32 patients
either because size could not be accurately assessed due to the
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treatment effect induced by preoperative chemotherapy
and/or chemoradiation or because the data was not recorded.

Predictors of R1 Resection

Univariate analysis of demographic, operative, patho-
logic, and treatment characteristics of the 2 resection groups
is shown in Table 1. Patients who underwent vascular resec-

TABLE 1. Demographic, Operative, Pathologic, and
Treatment Characteristics by Resection Status in 360 Patients
Who Underwent Pancreaticoduodenectomy for Pancreatic
Adenocarcinoma

No. (%) Pts

RO R1
Resection Resection P
Total pts 300 (83.3) 60 (16.7)
Gender 0.57
M 173 (57.7) 37 (61.7)
F 127 (42.3) 23 (38.3)
Age (yr)* 0.52
Median 63.1 65.0
Mean 62.6 63.2
Range 30.0-82.7 40.0-83.0
Reop. PD 41 (13.7) 12 (20.0) 0.21
Vascular resection and 100 (33.3) 30 (50.0) 0.01
reconstruction
Op. blood loss (mL)*" <0.001
Median 900.0 1325.0
Mean 1125.5 1737.7
Range 100-6000 300-18,000
Tumor size (cm)** 0.002
Median 2.9 34
Mean 2.8 34
Range 0.0-8.0 1.5-6.0
Lymph node metastases (N1) 151 (50.3) 35(58.3) 0.26
Hospital stay (days)*® 0.01
Median 11.0 13.0
Mean 13.7 15.7
Range 5-108 7-70
Periop. death 3 (1.0) 0(0) 0.44
Adjuvant therapy (preop. or
postop.)!
Any preop. chemotherapy or 215 (71.9) 39 (65.0) 0.28
radiation
Any postop. chemotherapy 68 (22.7) 20 (33.3) 0.09
or radiation
Any preop. or postop. 263 (88.0) 55 (91.7) 0.41

chemotherapy or radiation”

*Mann-Whitney U test used.

TEstimated blood loss was not recorded in the anesthesia record in 3 patients.

“Tumor size could not be accurately assessed at the time of pathologic evaluation
of the pancreaticoduodenectomy specimen in 32 patients.

8P > 0.05 if the 5% of patients with the shortest and longest lengths of hospital stay
are excluded from analysis.

IData on preoperative therapy for 1 patient with an RO resection were not available.

Some patients were treated with both preoperative and postoperative adjuvant
therapy.

RO indicates grossly complete resection with microscopically negative margins; R1,
grossly complete resection with microscopically positive margins; PD, pancreaticoduode-
nectomy.
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tion and reconstruction were more likely to have had an R1
resection. Patients who had an R1 resection had greater mean
operative blood loss, larger median tumor size, and a longer
mean hospital stay (Table 1).

Logistic regression was used to determine which co-
variates (other than length of stay) were significantly associ-
ated with an R1 resection (Table 2). Operative blood loss (per
100 mL), vascular resection, and tumor size were statistically
significant by univariate analyses. When adjusting for these
factors in a backward stepwise fashion, only operative blood
loss (odds ratio [OR] = 1.03; 95% confidence interval [CT],
1.01-1.06) and tumor size (OR = 1.42; 95% CI, 1.09-1.84)
were associated with an R1 resection.

Overall Survival

Univariate analysis of factors influencing median OS
in this study is shown in Table 3. The median OS for the
360 patients was 25.1 months. Log-rank tests were used to
compare Kaplan-Meier survival curves for each prognostic
factor of interest. Lymph node metastases, R1 resection,
and major perioperative complications were associated
with decreased OS. Median OS was 21.6 months in 186
patients with lymph node metastases (N1), compared with
31.9 months for 174 patients with node-negative (NO)
disease (P = 0.002). Median OS was 21.5 months in 60
patients after an R1 resection, compared with 27.8 months
in 300 patients after an RO resection (P = 0.026). Kaplan-
Meier survival curves comparing R status are shown in
Figure 2. Median OS was 21.6 months in 93 patients with
major perioperative complications, compared with 28.4
months in 263 patients without major perioperative com-
plications (P = 0.013).

Table 4 lists the covariates that were included in sep-
arate univariate Cox proportional hazards regression analy-
ses. Covariates that affected OS at the P < 0.10 level of
significance were included in a multivariate Cox proportional
hazards model. After adjusting for these variables in a back-
wards stepwise fashion, only the presence of lymph node
metastases (hazard ratio [HR] = 1.55; 95% CI, 1.21-1.99),
major perioperative complications (HR = 1.40; 95% CI,
1.06-1.84), and operative blood loss (HR = 1.01; 95% CI,
1.00-1.02) adversely affected OS. Although R status influ-
enced OS on univariate analysis (HR = 1.42; 95% CI,
1.04-1.93), an R1 resection did not independently affect
survival after controlling for all other variables.

To determine the impact of a positive SMA margin on
OS, we reanalyzed our data by categorizing as R1 only those
patients with a positive SMA margin (n = 53, 14.7%) and as
RO all other patients, regardless of pancreatic or bile duct
transection margins (n = 307, 85.3%). On univariate analy-
sis, R1 resection was not statistically significant (HR = 1.28;
95% CI, 0.92-1.78, P = 0.14). The multivariate analysis
included the following variables, which were significant by
univariate approach: age, nodal status, major complications,
and blood loss. Again, nodal status, major complications, and
blood loss remained significant in the final model.

55

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Raut et al

Annals of Surgery ® Volume 246, Number 1, July 2007

TABLE 2. Predictors of Microscopically Positive Resection Margin in Patients With Pancreatic
Adenocarcinoma
Univariate Multivariate

Covariate Odds Ratio 95% CI P Odds Ratio 95% CI P
Age 1.01 0.98-1.04 0.63
Gender 0.57

M 1.00 (ref) 0.48-1.50

F 0.85
Reop. PD status* 0.21

No 1.00 (ref) 0.77-3.22

Yes 1.58
Blood loss (per 100 mL) 1.04 1.01-1.07 0.008 1.03 1.01-1.06 0.02
Vascular resection 0.015

No 1.00 (ref) 1.14-3.50

Yes 2.00
Tumor size (cm) 1.50 1.16-1.93 0.002 1.42 1.09-1.84 0.009
N status 0.26

NO 1.00 (ref) 0.79-2.42

N1 1.38
Preop. therapy 0.28

No 1.00 (ref) 0.40-1.31

Yes 0.73

*Reoperative PD refers to the performance of pancreaticoduodenectomy in patients who had undergone an unsuccessful attempt at PD
prior to referral, often incorporating a biliary and/or gastric bypass procedure.

Impact of Resection Status on Disease
Recurrence

Median follow-up for censored patients was 51.9
months (mean, 59.5 months; range, 7.5-173.8 months) and
for all patients, including those who had died, was 24.0
months (mean, 34.7 months; range, 0.4—173.8 months). Re-
current disease was identified in 41 (68.3%) of 60 patients
who underwent an R1 resection and in 199 (66.3%) of 300
patients who underwent an RO resection (Table 5). Some
patients developed first recurrence at more than one site.
Resection margin status did not affect the pattern of first
recurrence; the proportion of patients with local, regional, or
distant sites of first recurrence was similar in the RO and R1
resection groups. Disease status at last follow-up also appears
in Table 5.

DISCUSSION

It is a generally accepted principle of oncology that a
positive surgical margin after resection of a solid tumor is a
poor prognostic factor. Much of the data supporting this
principle in pancreatic cancer have been based on studies that
did not sufficiently differentiate between R1 and R2 resec-
tions (Table 6). This is because few authors have had access
to margin data obtained prospectively using a standardized
system for pathologic analysis of the PD specimen. Even in
studies in which exclusion of R2 resections was intended, it
is unclear which margins were reported and how they were
analyzed. The distinction between R1 and R2 resections is
difficult to determine accurately for several reasons. First, R
status cannot be recorded retrospectively unless the surgical
margins were inked appropriately and the operative note
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described the presence or absence of a complete resection.
Second, there is no consensus opinion on how the PD spec-
imen should be pathologically evaluated; therefore, when
reviewing a pathology report, it is often difficult to under-
stand which margin has been examined. We have used the
system recommended by the AJCC Cancer Staging Manual,
which evaluates the soft tissue and perineural fibers adjacent
to the right lateral border of the SMA. Most would agree that
this margin is the most likely location (although not the only
one) for tumor extension, which may result in an incomplete
resection. Third, the pathologist at the time of gross and
microscopic inspection cannot differentiate a grossly positive
from a microscopically positive margin. Unless the surgeon
documented whether all gross tumor was or was not removed,
the only way to determine the likelihood of a grossly incom-
plete resection is to examine the preoperative CT scan; if
tumor is encasing the SMA or celiac axis, it is very likely that
a positive margin described in the pathology report reflects a
grossly incomplete (R2) resection. Fourth, the operative note
rarely contains information regarding the completeness of
resection, and if it does, it represents a subjective, nonrepro-
ducible assessment; therein lies the rationale for utilizing an
objective, reproducible CT-based system for defining resect-
ability based on the preoperative assessment of critical tumor-
vessel relationships.

In examining our data set of surgical specimens eval-
uated prospectively using a standardized system for patho-
logic analysis of the PD specimen, we found that resection
status did not significantly affect disease recurrence and
survival. The strength of the data set reported herein includes
the use of objective radiographic criteria for preoperative
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TABLE 3. Median Survival in 360 Patients Who Underwent
Pancreaticoduodenectomy for Pancreatic Adenocarcinoma
Median
Survival
Prognostic Variable No. Pts* (mo) 95% CI P
Overall 360 25.1 22.0-28.3 —
Gender 0.60
M 210 244 20.6-28.2
F 150 27.1 20.2-33.9
Reop. PD 0.68
No 307 24.9 21.4-28.5
Yes 53 29.4 22.7-36.1
Vascular resection 0.16
No 230 26.5 22.6-30.4
Yes 130 23.7 19.0-28.4
N status 0.002
NO 174 31.9 24.8-39.1
N1 186 21.6 18.0-25.1
Resection margin status* 0.026
RO 300 27.8 22.7-33.0
R1 60 21.5 17.3-25.6
Major complication” 0.013
No 263 28.4 22.8-34.0
Yes 93 21.6 17.2-26.0
Adjuvant therapy" 0.35
No 41 18.5 9.9-27.1
Yes (preop. or postop.) 318 259 22.5-29.2
Preop. therapy” 0.91
No 105 23.7 18.5-28.9
Yes 254 25.1 21.5-28.8
Postop. therapy" 0.50
No 268 24.7 20.8-28.6
Yes 88 26.1 16.5-35.7

*Includes retroperitoneal, bile duct, and pancreatic transection margins.

TSome data were missing owing to transition from paper to electronic medical
records when the prospective database was being developed, including data regarding
major complications (4 patients), preoperative therapy (1 patient), and postoperative
therapy (4 patients).

CI indicates confidence interval, PD, pancreaticoduodenectomy; NO, lymph node
metastases absent; N1, lymph node metastases present; R0; margins grossly and
microscopically negative; R1, margins grossly negative but microscopically positive.

patient selection as an objective way to minimize the poten-
tial for an R2 resection, a standardized surgical technique
designed to minimize R1 resections, and the prospective
pathologic evaluation of surgical specimens to accurately
determine resection status.

The majority of the R1 resections in this report (88.3%)
were due to a positive SMA margin. In this article, we
introduce the term “SMA margin” to describe the perivascu-
lar soft tissue, primarily perineural and mesenteric tissue,
adjacent to (and posterior to) the right lateral border of the
proximal SMA. The term previously used by us and com-
monly used by others to describe this area is the “retroperi-
toneal margin.” However, this term is somewhat imprecise,
as the retroperitoneal margin may also refer to the tissue
anterior to the inferior vena cava and aorta and posterior to
the pancreatic head and uncinate process. Similarly, some
have used the term “uncinate margin” to describe the margin
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FIGURE 2. Kaplan-Meier survival curves for patients with
pancreatic adenocarcinoma who underwent pancreaticoduo-
denectomy resulting in an RO or an R1 resection. Median
survival for 300 patients undergoing RO resection was 27.8
months. Median survival for 60 patients undergoing R1 re-
section was 21.5 months (P = 0.027 on univariate analysis).
On multivariate analysis, an R1 resection did not indepen-
dently affect survival.

of resection along the entire proximal SMA; this also is
somewhat anatomically incorrect. Therefore, we propose that
the margin of resection along the posterolateral border of the
proximal SMA be termed the “SMA margin,” a term more
anatomically precise than mesenteric, uncinate, or retroperi-
toneal. As described in Methods, the technique for assess-
ment of the SMA margin changed in January 2000 from an en
face section of the margin (usually taken by the surgeon) to
a system of inking the margin and microscopic examination
of sections taken perpendicular to the inked margin (per-
formed by the pathologist). It is possible that the older
method of evaluating the SMA margin was responsible for
the higher rate of margin positivity (prior to the year 2000) in
comparison to the current method. However, surgeon expe-
rience with respect to patient selection and surgical technique
may also have affected this difference in margin positivity
over time. One could argue that other soft tissue margins of
resection such as the anterior and posterior pancreatic mar-
gins should also be evaluated.'' While this may be true, a
system for PD specimen analysis more complicated than
currently recommended in the AJCC Cancer Staging Manual
is unlikely to be used in the United States where most
pathologists have limited experience with PD specimens.
By univariate analysis, R1 resections were associated
with larger tumors, greater mean operative blood loss, longer
hospital stays, and the need for vascular resection and recon-
struction. However, multivariate analysis of all variables that
may influence margin status found that tumor size and mean
operative blood loss were the only covariates that affected
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TABLE 4. Predictors of Survival in 360 Patients Who Underwent Pancreaticoduodenectomy for Pancreatic
Adenocarcinoma

No Univariate Multivariate

Covariate No. Pts Deaths HR 95% CI P HR 95% CI P
Gender 0.60

M 210 151 1.00 —

F 150 108 0.94 0.73-1.20
Age at surgery (yr)* 360 259 1.01 1.00-1.03 0.052 1.01 1.00-1.03 0.059
Reop. PD 0.68

No 307 219 1.00 —

Yes 53 40 1.05 0.77-1.51
Vascular resection 0.17

No 230 156 1.00 —

Yes 130 103 1.19 0.93-1.53
Blood loss (per 100 mL) 360 259 1.01 1.0-1.01 0.038 1.01 1.00-1.02 0.046
Tumor size (cm) 360 259 1.00 0.89-1.11 0.95
N status 0.002

NO 174 116 1.00 — 1.00 — —

NI 186 143 1.46 1.15-1.87 1.55 1.21-1.99 0.001
Resection status’ 0.027

RO 300 209 1.00 —

R1 60 50 1.42 1.04-1.93
SMA margin only* 0.14

RO 307 215 1.00 —

Rl 53 43 1.28 0.92-1.78
Major periop. complication 0.014

No 263 182 1.00 — 1.00 — —

Yes 93 73 1.41 1.07-1.85 1.40 1.06-1.84 0.018
Any preop. therapy 0.91

No 105 79 1.00 —

Yes 254 180 0.98 0.75-1.29
Any postop. therapy 0.50

No 268 193 1.00 —

Yes 88 65 0.91 0.69-1.20
Any preop. or postop. therapy 0.35

No 41 31 1.00 —

Yes 318 228 0.84 0.57-1.22 —

*Age was evaluated as a continuous variable. We also evaluated age as a categorical variable (<60 yr, 60—70 yr, and >70 yr). On univariate analysis,
age >70 yr was associated with worse survival (HR = 1.47; 95% CI, 1.07-2.04, P = 0.037). When included in the multivariate Cox regression analysis, age
>70 yr remained an independent predictor of worse survival (HR = 1.51; 95% CI, 1.09-2.10, P = 0.015).

fIncludes SMA, bile duct, and pancreatic transection margins.

*Includes SMA margin only.

HR indicates hazard ratio; CI, confidence interval; NO, lymph node metastases absent; N1, lymph node metastases present; RO; margins grossly and
microscopically negative; R1, margins grossly negative but microscopically positive.

margin status. This is consistent with the findings of a
previous manuscript from our group analyzing our experience
with vascular resection in a subset of the current study
population.'” The present study differs from that report in
terms of sample size and the examination of all resection
margins (including bile duct and pancreatic transection mar-
gins), rather than only the SMA margin. In both reports,
larger tumor size was associated with an increased risk of a
positive SMA margin. It is reasonable to assume that larger
tumor size was associated with an increased likelihood of
tumor extension into the SMA margin simply on the basis of
anatomic considerations. In addition, a larger tumor may
necessitate a technically more difficult operation, potentially
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leading to increased blood loss. Importantly, tumor size was
recorded at the time of gross pathologic evaluation of the PD
specimen. Although preoperative chemotherapy and chemo-
radiation may have reduced the median tumor size to some
degree (as assessed following resection), the effect should
have been comparable in the RO and the R1 groups (Table 1)
because approximately two thirds of patients in both groups
received preoperative therapy.

In the present analysis, neoadjuvant therapy was not a
statistically significant predictor of margin status; an Rl
resection occurred in 39 (15.4%) of 254 patients who re-
ceived some form of preoperative therapy and in 21 (20.0%)
of 105 patients who went straight to surgery (P = 0.28). If the
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Resection Status After Pancreaticoduodenectomy

TABLE 5. Recurrent Disease and Disease Status
Margin
All Pts Neg (R0)  Pos. (R1)
(N=360) (n=3000 (n=60)
(%) (83.3%) (16.7%) P
Site of first recurrence* 0.83
Local 28 (7.8) 24 (8.0) 4(6.7)
Regional 30 (8.3) 26 (8.7) 4(6.7)
Distant 153 (42.5) 126 (42.0) 27 (45.0)
Multiple sites” 25(6.9) 19 (6.3) 6 (10.0)
Site of recurrence 4 (1.1 4(1.3) 0 (0)
unknown
No recurrence? 120 (33.3) 101 (33.7) 19 (31.7)
Disease status at last 0.016
contact®
No evidence of 79 (21.9) 72 (24.0) 7(11.7)
disease
Alive with disease 20 (5.6) 18 (6.0) 2(3.3)
Dead (all causes) 260 (72.2) 210(70.0) 50 (83.3)
Unknown 1(0.3) 0 (0) 1(1.7)

*P was calculated excluding the 4 patients whose site of recurrence was unknown.
If those patients are included in the calculation, the P is 0.81.

TPatients classified as having recurrence at multiple sites developed synchronous
first recurrence at more than one of the following sites: local, regional, distant.

*Sixteen patients (4.4%) with no recurrence of pancreatic cancer developed second
primary malignancies (12 after RO resection, 4 after R1 resection).

SOne patient was alive after Rl resection with unknown disease status at last
contact.

TABLE 6. Summary of Studies Evaluating the Impact of
Margin Status on Survival

No. (%) Resection Median R1/R2 Median R0

Reference (year) R1/R2 Pts Status  Survival (mo) Survival (mo)
Verbeke'' (2006) 22 (85) RI1 11 37
Neoptolemos' 101 (19) Rl 11 17
(2001)
Benassai* (2000) 15(20) RI,R2 9 17
Sohn? (2000) 184 (30) Rl 12 19
Millikan® (1999) 22(29) Rl 8 17
Nishimura’ (1997) 70 (45)  RI,R2 6 12
Sperti® (1996) 19(17) RIL,R2 7 14
Nitecki® (1995) 28 (16) R2 9 NA
Yeo' (1995) 58(29) RI,R2 10 18
Willett® (1993) 37(51) RI 12 20
Gall® (1991) 47 (34) RI,R2 7 11
Present study 60 (17) R1 22 28

RO indicates margins grossly and microscopically negative; R1, margins grossly
negative but microscopically positive; R2, margins grossly positive; NA, not available.

analysis is limited to positive SMA margins, and the 7
patients with isolated positive pancreatic transection margins
are considered R0, the numbers change to 33 (13.0%) of 254
patients who received preoperative therapy and 20 (19.0%) of
105 patients who did not (P = 0.17). While not significant,
these results were likely affected by some degree of selection
bias. For example, patients who did not receive preoperative

© 2007 Lippincott Williams & Wilkins

therapy may have had more favorable tumors (by multidis-
ciplinary CT review) for immediate resection and been
thought to be at lowest risk for an R1 resection. Our data do
not allow further analysis of this concern.

An R1 resection did not affect the pattern of first
recurrence. Specifically, the presence of a positive margin did
not result in a greater number of local or regional recurrences.
The dominant pattern of failure, irrespective of margin status,
was distant disease. An R1 resection was also not an inde-
pendent predictor of poor survival by multivariate analysis.
To what degree these findings were influenced by preopera-
tive staging (accurate assessment of resectability), operative
technique (completeness of the SMA dissection), and the use
of multimodality therapy cannot be accurately quantified.
These results do not support the conclusion of the ESPAC-1
trial that tumors with positive resection margins represent a
biologically more aggressive cancer, independent of patient
selection, surgical technique, and the use of adjuvant chemo-
therapy and/or chemoradiation.'

In addition to careful patient selection for surgery, we
used a standardized operative technique that emphasizes the
removal of all mesenteric and perineural tissue from the right
lateral border of the SMA with clear visual identification of
this vessel.'* Because the tumor-SMA interface may measure
only a few millimeters, it is reasonable to assume that if the
surgeon simply palpates the SMA, without exposing it, and
then divides the tissue to the right of the SMA with a series
of clamps or a stapling device, the risk of a positive margin
would be increased. The critical importance of intraoperative
attention to the SMA has probably not been adequately
emphasized in the education of surgeons and in the surgical
literature, despite the oncologic importance associated with
this part of the operation. For example, it has been our
anecdotal experience that the majority of our surgical fellows
who have completed general surgical residency have not seen
the adventitia of the SMA when assisting with a PD as a
resident. Importantly, even when a complete SMA dissection
is performed, with no palpable or visible evidence of tumor,
a microscopically positive margin of resection may occur due
to the infiltrative nature of pancreatic adenocarcinoma. The
incidence of R1 resections in the current study was 17%. To
what extent this number was affected by variables associated
with a specialty center (preoperative imaging, experienced
surgeons, preoperative therapy) cannot be accurately deter-
mined. However, one would assume that the frequency of
positive margins would be higher when this operation is
performed in a multi-institutional setting.

Our data provide valuable information for the conduct
of clinical trials that involve PD. Such trials must distinguish
between grossly complete (RO/R1) resections and grossly
incomplete (R2) resections owing to the impact of an R2
resection on survival, as suggested by previous authors.' ™'’
This distinction cannot be made accurately by retrospective
review of operative notes, which may or may not contain
subjective assessments of the completeness of resection,
unless the participating surgeons have all adopted a standard
operative technique. Differentiating an R1 from an R2 resec-
tion is a complicated and difficult challenge and requires the
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use of accurate pretreatment staging using high-quality cross-
sectional imaging, an objective definition of resectable dis-
ease (using such imaging) combined with a standard surgical
technique, and a well-defined system for the pathologic analysis
of the PD specimen. It has not yet been demonstrated that
these criteria can be met in a multi-institutional setting, which
is a major impediment to the conduct of cooperative group
trials for localized, potentially resectable pancreatic cancer.

Our current system for reporting the final resection
status requires that the surgeon wait to finalize the operative
note until after the pathology report has been completed. The
pathologist cannot, in general, distinguish an R1 from an R2
resection; such information has to be accurately recorded by
the surgeon. For example, assuming both the surgeon and
pathologist are experienced, if the surgeon appreciates that
the tumor extends to the left of (medial to) the SMA and is
therefore not completely removed at the time of surgery, a
histologically positive SMA margin should result in an R2
designation on the final operative dictation. In contrast, if the
surgeon performs a grossly complete resection and the SMA
margin is histologically positive when accurately identified,
inked, and examined by the pathologist, then the operative
dictation should reflect the performance of an R1 resection.
Our data suggest that almost one in 5 patients will have a
microscopically positive margin following PD for pancreatic
adenocarcinoma. This number clearly may change as more
effective therapies are developed for this disease involving
more innovative treatment schema that apply systemic and/or
locoregional therapies prior to surgery.
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